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The health monitoring of personnel working in the lead industry is well established and is carried out by clinical, biochemical, and haematological examinations. The usefulness of biochemical monitoring has been assessed by several investigators and includes the measurement of blood lead (Pb-B), urinary lead, coproporphyrin (CP), and 8-aminolevulinic acid (ALA). In particular, blood lead has been shown to be an indicator of absorption (Haeger-Aronsen, 1971; Waldron, 1971; Davies, 1972) , while urinary CP and ALA are reliable indicators of effect (Gibson, Mackenzie, and Goldberg, 1968; Haeger-Aronsen, 1971 (Cramer and Selander, 1965; Williams, King, and Walford, 1969; Wada et al., 1973) to no positive relationship (Gibson et al., 1968) . The overall view, however, is that some combination of these measurements provides a useful screen for monitoring the exposure of workers in the lead industry.
Most surveys on the efficacy of biochemical monitoring, apart from that of Tola et al. (1973) Material and methods Subjects and exposure The survey was conducted on 20 men entering employment in lead pigment manufacture during a period of about 16 months. The men examined were aged between 25 and 50 years and all except two had had no previous history of industrial lead exposure. The place of employment was a conventional lead pigment manufacturing factory with background air concentrations around the major processes of 0-05-0-15 mg Pb/m3 as shown by sampling surveys. Personal sampling on these surveys showed that, occasionally, levels of up to 5 mg Pb/m3 existed. In such circumstances the men wore protective clothing in the form of an overall, gloves, and a face mask. During their first 12 weeks of employment the men were engaged on a variety of tasks representing a broad spectrum of the factory's activities in order to gain job experience.
Monitoring procedures Each man was medically examined upon entry and an initial blood sample and urine sample were taken for analysis. A sample of blood and a sample of urine were taken from each man between 10.00 and 12.00 hours daily during the first week and, subsequently, as far as circumstances permitted, at weekly intervals during the first 12 weeks of employment. Every week, each subject was interviewed by the Works Medical Officer for an assessment of his clinical condition.
Blood (5 ml) was taken by venepuncture for the determination of haemoglobin and lead content. Urine specimens were divided into three: one sample was adjusted to below pH 7 0 with acetic acid for ALA determination, the second was adjusted to pH 6-0-9-5 with solid sodium carbonate for CP determination, and the third was used for immediate semi-quantitative CP estimation. If a delay in urine analysis was unavoidable the sample was stored at a temperature of 4°C until required. All samples were taken with great care to avoid contamination.
The number of hours worked by the total workforce in the factory was recorded each week, and this was used in conjunction with the tonnage of pigment produced and the number of men involved to give a weekly production index (PI) as an indicator of overall exposure.
Analytical methods Blood haemoglobin was determined by a standard colorimetric method (Dacie, 1956) , and blood lead by the Delves cup procedure (Delves, 1970) , using a Perkin Elmer model 107 atomic absorption spectrophotometer. Urinary ALA and CP were determined by the methods of Davis and Andleman (1967) and Henry (1964) , respectively. Urinary coproporphyrin was also measured using a semi-quantitative method in order to compare it with the above quantitative laboratory procedure. To 10 ml urine were added 2 ml 8 % v/v acetic acid in ether and after shaking thoroughly the mixture was allowed to separate for exactly 10 minutes. The fluorescence of the supernatant layer under ultraviolet light was estimated by eye and graded for coproporphyrin content according to a colour index from normal (no fluorescence) to + + + (a very strong pink).
Results
None of the men showed overt clinical signs indicative of lead poisoning on the evidence of repeated interviews over the 12-week period. Haemoglobin values remained within a normal range (13-16 g/dl) during the period and no individual showed significant changes in this respect. Most of the men entered employment during a period of steady production which was maintained at the characteristically uniform level of approximately 150 PI. In a few cases however, there were marked fluctuations in PI soon after a man began employment due to a summer or Christmas break in production.
The results for the 20 men are shown in Table 1 .
Figs 1-3 illustrate graphically typical examples of responses found during the first 12 weeks of employment. It was not possible to obtain weekly figures for each man during the whole of his 12-week period of surveillance, but sufficient data are available to comment on the changes taking place with the above parameters.
Blood lead From a statistical evaluation of the data, the best fitting simple relationship between blood lead and exposure time was found to be:
Pb-B (,umol/l) = 3.3 -2-2 exp. [-0*6 (weeks)] This curve, with a separate constant term for each subject, accounted for 78 % of the variation in the blood lead data. Fig. 4 shows the curve based on the above equation for the average of the 20 subjects and for the two subjects with the most extreme values. The initial blood lead value for each new entrant was approximately 1 1 ,umol/l (22 ,ug/100 ml) apart from one man with a previous history of lead exposure whose value was 2-2 Mimol/l (45 ,ug/I00 ml) (Subject 6). Within one week of entering employment levels of Pb-B began to rise significantly in all cases. In most cases this rise continued for about three weeks, reaching a value in the region of 2-9 ,umol/l (60 ,ug/I00 ml). Subsequently, Pb-B levelled to an average figure of about 2A4-3 9 ,umol/l (50-80 ,ug/lOO ml) although a few men showed transitory rises above 3 9 ,umol/l (80 ug/100 ml) during the 12-week period.
Urinary CP and ALA The initial CP value for each new entrant was approximately 0-12 ,umol/l (0-12 ± 0 06) (8 ,ug/l00 ml; Table 2 and demonstrate low values for both parameters for most subjects during the first two weeks followed by a rise to higher levels which was maintained for the remainder of the study period.
Not all subjects followed this average pattern, however, and it is easier to portray the alterations in terms of three response patterns. One group of men showed rises in excretion during the third and fourth weeks followed by an increased, but variable response, during the rest of the period (18) (19) (20) . A second group showed negligible changes during the period (Subjects 1, 2, 16, 17) , while two subjects (14 and 15) showed an exaggerated response for the two parameters within two weeks of entry. One of these subjects (no. 14) had a history of previous lead exposure although his Pb-B and ALA were normal on entry.
Interrelationships Blood lead changes appear to follow a consistent pattern in all individuals despite the differences in the PI to which different men are exposed. The CP and ALA show a greater tendency to follow changes in the PI but there are several cases where there are marked variations during periods of steady production (for example, Subject 15). The CP and ALA generally relate well to one another as already described above and, similarly, their relationship with changes in Pb-B can be placed in three categories. First, where all three parameters show reasonable correlation during the 12-week period (18) (19) (20) , secondly where there is the characteristic response by Pb-B but a subdued response by CP and ALA (Subjects 1-3, 5, 16, 17), and thirdly where there is the characteristic increase in Pb-B but an exaggerated response by CP and ALA (Subjects 14, 15) .
Correlation between CP methods During the study the opportunity was taken to com- Tola et al. (1973) . Although the time course for the two urinary parameters tends to be variable even during steady production these parameters are more responsive than Pb-B to changes in production. In nearly all cases the results for urinary CP and ALA follow each other closely in accord with the degree of correlation shown for these two parameters by other investigators (Gibson et al., 1968; Williams et al., 1969; Haeger-Aronsen, 1971 ; Waldron, 1971 Waldron, 1971) . However, if it is suspected reases within two weeks that an individual has been excessively exposed then to little or no response more comprehensive screening is required.
Regardless of which screen is selected for a population of workers it is essential to be aware of the very contrasting effects shown by some individuals in that group. This is illustrated vividly in the present study where two subjects (6 and 14) with previous employment in the industry showed contrasting responses when re-engaged. Although in both cases absorption indicated by Pb-B results was shown to be similar, urinary CP and ALA excretion increased very markedly for Subject 14 necessitating his withdrawal from the work, while the other subject showed urinary values within normally accepted limits during the 12-week period.
It may be concluded that it is important to establish individual responses early in an exposure although it may be sufficient to monitor less comprehensively once a routine has been established.
